Abstract. A method of determining the source parameters of explosions and earthquakes from the amplitude spectrums of seismic surface waves is described. The method, called amplitude equalization, involves the correction of the ground displacement spectrum for the propagation effect. This is accomplished by multiplying it numerically with the inverse of the frequency response of the layered medium. The result is the amplitude spectrum of the source function, which may be interpreted by itself or jointly with the initial phase spectrum to determine the source-time variation. The spectrums of the Rayleigh waves from underground nuclear explosions are compared and the source-time function is interpreted using the amplitude equalization method. The time variation of the pressure pulse at the boundary of the elastic zone is found to be of the form p(t) ----Pote -•'t, where v is a parameter which depends on the yield of the explosion and on the medium. For the events studied, the breadth of the pulse increased (v decreased) with the yield of the explosion.
fortunately, there are not enough of these measurements for the larger explosions just outside the nonlinear zone around the explosion to permit us to interpret the source function of the seismic waves accurately.
In this paper, we use the spectrums of the Rayleigh waves in conjunction with the available near-source information to determine the source functions and relative yields of two nuclear explosions and a collapse event. In the first section of the paper the amplitude equalization method is described; in the second and third sections the observed Rayleigh wave data from the events and the determination of the source functions are described.
Amplitude equalization. The method of amplitude equalization for determining source functions has become practical since the amplitude response of multilayered mediums can be obtained [Harkrider, 1964] . The vertical and the radial components of the Rayleigh wave motion and the transverse Love wave motion recorded at the surface of the layered medium, at a point distant from the source, can be expressed in the frequency domain as
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where Wo, qo, and Vo are the vertical, radial, and transverse components of the motion at the surface at a radial distance r from the epicenter. C• and C• are constants. L(e), S(m), T(e), and I(•) are, respectively, the amplitude responses of the layered medium, source space function, source-time function, and amplitude response of the recording seismograph.
• is the angular frequency and k is the wave number.
• Once •he response of ;he layered medium is computed for a given s;ructure and a given source, the procedure of determining the time dependence of the source function becomes a straightforward task. The Fourier amplitude spectrums of the recorded Rayleigh waves are corrected for the instrument response and the combined source and layering response by pointwise division. The remaining spectrum is the amplitude spectrum of the source-time function.
It is obvious that we cannot determine both the space and the time dependence of the source uniquely from a single observation. However, if there are recordings at a number of stations around the source, the azimuthal variation can be used to determine the space variation of the source, and then the time function, which is independent of the azimuth, can be fixed uniquely. Furthermore, in the presence of both Love and Rayleigh waves, the spectral ratios of the two wave types can be used to terminc the space variation of the source.
The method of amplitude equalization is the direct analog of the phase equalization where the phase spectrum of the source function is obtained. It has several practical advantages and some disadvantages, however, compared with the phase equalization method: (1) Given a wave train, the amplitude spectrum can be determined more accurately than the phase spectrum by Fourier analysis. The error in the phases is especially great at frequencies where either the sine or cosine transform is very small. (2) The phase equalization requires absolute timing of the events. Any error in the origin time of the event or time (clock) correction of the recording introduces frequency-dependent phase errors. Furthermore, determining the phase response of the recording instrument from calibration pulses is more susceptible to errors than determining the amplitude response, The significance of the similarities and the differences between the Rayleigh waves from the different events can be expressed quantitatively using correlation functions. We define a 'correlation coefficient' Bishop [1963] . Figure 6 illustrates diagrammatically the nonlinear zones around the explosion. From long-range observations we are only able to retrieve the explosion pressure history as it exists at the boundary where the waves become linear. In the nonlinear zone, the pressure pulse (shock wave) decays more rapidly with distance than in the linear zone, since, in addition to the geometric spreading, the shock wave does work on the medium in crushing and heating the material. Also, there is an intrinsic dispersion and resultant pulse distortion in the nonlinear region. These changes depend on the properties of the medium [Duvall, 1962; Bishop, 1963; Kisslinger, 1963] [Bishop, 19õ3] .
at different velocities. In very general terms, the net effect is either step by step or a continuous rise of pressure to the peak value instead of a single discontinuous jump. In a given medium, the radius of the nonlinear zone increases with the yield. Hence, the pressure pulse from a larger explosion at the boundary of the elastic zone will be broader than that of a smaller explosion. We can represent the nuclear explosion by an equivalent point source in a medium which behaves linearly everywhere. The time dependence of the equivalent point source is that of the pressure pulse at the boundary of the linear region due to an explosion. On the basis of limited observations [Wistor et al., 1963] 
0(C0) ----tan -1 [2•co/(• 2 --co2)] (7)
The parameter V can be determined from the spectrum of the Rayleigh waves after correcting for the effect of the layered medium and the instrument response. Po is the scale factor related to the yield. It can be estimated by equating the peak pressure at the boundary of the linear region to the limiting strength of the particular medium.
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In general, the limiting pressure at which the material ceases to follow the linear stress-strain curve is somewhat less than the maximum reversible pressure. However, where the hydrostatic pressure is much higher than the maximum reversible pressure, the difference between the limiting pressure and the maximum reversible pressure is negligible. Once the information is obtained from the available empirical relations, the yield as well as the radius of the nonlinear zone of a particular explosion can be determined.
The information in Figure 7 is taken from Bishop [1963] . On the same figure, the approxi- Conclusions. 1. The amplitude ratios of the explosion-generated Rayleigh waves recorded at a given station are not, in general, constant with frequency. In some cases (Hardhat, for example), the spectrums are contaminated and the radiation pattern is complicated. This complication may be due to strain release. Where the radiation is symmetric, the spectrums of larger explosions have more longperiod components than short ones.
2. The enhancement of the longer periods with increasing yield of the explosion cannot be explained by an increase in cavity size. This effect is negligible for Rayleigh waves with periods longer than 10 sec.
3. The time function of the explosive source, defined as the pressure pulse at the boundary of linear zone, is broader for larger explosions. This broadening is due to the intrinsic dispersion and the distortion of the shock wave as it propagates in the nonlinear zone.
4. The relative yields of explosions and the radii of nonlinear regions around the sources can be determined from the amplitude spectrums of Rayleigh waves using some empirical relations and pressure decay curves. The accuracy of these determinations is limited by the accuracy of the assumptions made in computing the pressure decay curves and the strengths of the explosion mediums.
5. The amplitude equalization method applied in this study and the phase equalization are not merely alternative methods. They complement each other and can be used jointly to determine both the amplitude and the phase spectrums of the source function. From these spectrums the source-time function can be determined uniquely by Fourier synthesis, regardless of its complexity. Neither method, by itself, can achieve a unique determination of the source function.
